The University of Akron, OH This study compared pure-tone threshold data, acoustic reflex threshold data, and loudness growth data for a group of 25 hyperacusic male subjects vs. a group of 13 nonhyperacusic male subjects. Pure-tone thresholds and acoustic reflex thresholds were obtained in 5-dB steps, using revised HughsonWestlake procedures. Loudness growth functions were obtained with a fractionation (method of adjustment) procedure whereby the subjects doubled loudness, using a 1-dB step attenuator.
Results suggest that loudness growth was significantly different for the hyperacusic subjects compared to the nonhyperacusic subjects, but no significant differences in puretone thresholds or acoustic reflex thresholds were observed. When the hyperacusic group was divided into subgroups, however, the endocrine disorder subgroup had significantly lower acoustic reflex thresholds compared to the other subgroups of hyperacusic subjects. No other significant differences among the subgroups were noted.
S
ensory hypersensitivity for olfaction and sensory hypersensitivity for gustation were researched and reported many years ago (Pfaffmann, 1951) . Sensory hypersensitivity for audition, called hyperacusis, has been reported clinically, but research has been limited.
According to Jepsen (1963) , early writings suggested it was a very rare auditory disorder associated with abnormally low auditory thresholds, called oxyecoia; this is presently referred to as threshold hyperacusis. Jepsen stated that hyperacusis is more often an abnormal sense of discomfort evoked by sounds far above the threshold of hearing, called phonophobia; this is presently referred to as suprathreshold hyperacusis. Vernon (1987) stated that clinical hyperacusis is a person's marked intolerance to ordinary environmental sound when, in fact, hearing thresholds are normal. This latter statement is consistent with the present definition of suprathreshold hyperacusis. Henkin (1974) observed threshold hyperacusis in some females during the follicular phase of the menstrual cycle, while Axelsson and Hamernik (1987) discovered suprathreshold hyperacusis in some noise-exposed individuals with no significant hearing loss. Suprathreshold hyperacusis has been reported in some patients with anxiety disorders (Chemtob, Roitblat, Hamada, Carlson, & Twentyman, 1988) . Patients with Williams syndrome, Bell's palsy, and early Meniere's disease have described various hyperacusic symptoms (Collard & Parker, 1984; Hadj-Djilani & Gerster, 1984; Jepsen, 1963; Klein, Armstrong, Greer, & Brown, 1990) . Henkin, McGlone, Daly, and Bartter (1967) , as well as Henkin and Daly (1968) , demonstrated the presence of threshold and suprathreshold hyperacusis in patients with endocrine disorders (some with Addison's disease and some with panhypopituitarism). Using auditory evoked potentials, they discovered an alteration in the timing of neural impulses in these subjects. Treatment with prednisone or maintenance doses of carbohydrate-active steroids brought about normal impulse timing with a return to normal auditory detection and perception. The authors believed that the hyperacusis may have been related to the common finding of reduced steroid hormones in these subjects. They stated that steroid hormones can serve as neurochemical mediators to alter the conduction of neural impulses in the central nervous system (CNS). Musiek, Sahley, and Hoffman (1992) used the drug pentazocine to reduce the auditory thresholds of chinchillas by as much as 7 dB. Gerken, Saunders, Simhadri-Sumithra, and Bhat (1985) and Gerken (1992) used electrical stimulation of the cochlear nucleus and the inferior colliculus in cats to change impulse patterns during auditory stimulation. They were able to find threshold hyperacusic effects as great as 15 dB in the animals who received electrical stimulation in the above-mentioned areas of the auditory pathway. Downs and Crum (1980) reported four patients with confirmed cortical and/or brainstem CNS lesions who had hyperacusis associated with hyperactive acoustic reflexes. For three of these subjects, acoustic reflex responses were elicited at unusually low thresholds. The fourth subject showed a lowering of acoustic reflex thresholds following bilateral electroshock treatment. The authors interpreted these lowered thresholds as hyperactive acoustic reflex responses representing a decreased central inhibition on peripheral auditory function. They proposed that the presence of hyperactive acoustic reflex responses was related to damaged CNS inhibitory fibers. Chemtob et al. (1988) studied sensory hypersensitivity in U.S. military veterans who suffered from post-traumatic stress disorder (PTSD). These authors indicated that any suprathreshold hypersensitivity response could be entirely emotional, but they did not discuss neurochemical mediation. As Hare (1986) indicates, however, emotional disturbances are often associated with neurochemical abnormalities.
Gordon (1986) compared pure-tone thresholds and acoustic reflexes in 18 children with audiosensitivity (synonymous with suprathreshold hyperacusis) to those test results in 75 children without audiosensitivity. The pure-tone results were similar and were within normal limits for the two groups of children, but the acoustic reflex patterns were different. Over 60% of the audiosensitive group had reversed reflex responses (positive meter deflections vs. negative meter deflections), but less than 20% of the nonaudiosensitive group demonstrated this. Close to 30% of the audiosensitive group had hyperactive reflexes, whereas more than 90% of the nonaudiosensitive group did not. Over 10% of the audiosensitive group demonstrated both reversed and hyperactive reflexes, but less than 1% of the nonaudiosensitive group responded this way. Gordon suggested that audiosensitivity is a mechanical disorder of the middle ear (a slight ossicular misalignment that causes the reflex reversal) and/or a mechanical disorder of the inner ear (a perilymphatic hypotension that causes the hyperactive reflex). Rimland and Edelson (1992) note that many authors have reported the presence of hyperacusis in children with autism. They state that the causes of the hyperacusis in these children are unknown, but they report that head trauma, drug side-effects, and magnesium deficiency have been reported in other cases of hyperacusis.
This review of the literature suggests that hyperacusis may be peripheral (middle ear or cochlea) in origin or systemic (central or emotional) in origin. If hyperacusis has a peripheral origin, it would be more likely for each ear to demonstrate different degrees of dysfunction. If hyperacusis has a systemic origin, it would be more likely for each ear to demonstrate equal degrees of dysfunction. Since this issue is far from being resolved, it would appear that audiologic assessment of hyperacusis should be completed for each ear of each subject.
This study compared pure-tone threshold data, acoustic reflex threshold data, and loudness growth data, for each ear, in a group of hyperacusic adult male subjects against comparable data in a group of nonhyperacusic adult male subjects.
Method

Subjects
Twenty-five hyperacusic Caucasian male subjects were studied as they appeared for evaluation by the first author at the VA Medical Centers in Indianapolis, IN, or Danville, IL, over a period of 15 years. These subjects were classified as hyperacusics when they reported oversensitivity to everyday environmental sounds (to the extent that their previously normal social activities were restricted) and when they passed a pure-tone screening test in each ear (25 dB HL [re: ANSI, 1969] at 500, 1,000, 2,000 and 4,000 Hz).
Thirteen volunteer Caucasian male control subjects were studied by the authors at the University of Akron during the sixteenth year of the study. These subjects all reported normal hearing function in each ear, and they described no oversensitivity to everyday environmental sounds. They also passed the pure-tone hearing screening test, as described above.
None of the subjects showed indications of conductive involvement by visual inspection or by immittance testing. The 25 hyperacusic subjects ranged in age from 21 to 57 years, with a median age of 36 years. The 13 control subjects ranged in age from 23 to 59 years, with a median age of 44 years.
The hyperacusic subjects received routine medical tests before or after the audiology workup. Five of them had the medically confirmed endocrine disorders attributed to hyperthyroidism (N = 2), adrenal cortical insufficiency (N = 1), or anterior pituitary disease (N = 2). Five of the hyperacusic subjects exhibited moderate to severe anxiety disorders, as diagnosed by VA medical staff psychiatrists. Six of the hyperacusic subjects reported experiencing intense noise exposure or noise trauma, despite the fact that they no longer had a measurable loss of hearing in either ear. The remaining nine hyperacusic subjects were mixed. None had evidence of endocrine or metabolic disturbance; none had experienced intense noise exposure or noise trauma; six had a combination of moderate noise exposure and mild anxiety; three presented negative histories except for the report of hyperacusis.
Equipment
Pure-tone testing and loudness growth scaling procedures were completed in IAC sound-treated rooms that met ANSI S3.1-1971 background noise standards to levels less than -10 dB HL with regard to ANSI (1969) at all test frequencies. Tympanograms and acoustic reflex threshold tests were completed in adjoining, moderately quiet, carpeted rooms (<55 dB SPL LIN).
During the early years of the study, calibrated GrasonStadler 1701 diagnostic audiometers with TDH-49 earphones in standard cushions were used for the pure-tone and loudness growth studies. During the later years, calibrated Grason-Stadler GSI-10 diagnostic audiometers with TDH-50 earphones were so used.
Early in the study, a calibrated Grason-Stadler 1720 otoacoustic admittance meter with a TDH-39 earphone in a standard cushion (with the standard probe for that March 1995 instrument) was used for the contralateral acoustic reflex threshold studies. Later, calibrated Grason-Stadler 1723 middle ear analyzers with TDH-49 earphones in a standard cushion (with standard probes for that instrument) were used.
Procedures
For the pure-tone thresholds, 200 msec pulsed signals were presented in 5-dB steps according to the revised Hughson-Westlake procedures (Carhart & Jerger, 1959) . Air conduction and bone conduction responses were obtained at 500, 1,000, 2,000, and 4,000 Hz in each ear separately. Only air conduction thresholds were determined at 250 and 8,000 Hz, and they were obtained in similar fashion.
Following routine tympanometric tracings, acoustic reflex thresholds were obtained using 1,000-Hz tones that were approximately 1,000 msec in duration. They were presented in the ear contralateral to the probe, first in one ear and then in the other. Ascending presentations were made in 5-dB steps until at least a 0.05 ml response was observed within approximately 500 msec of the onset of the tone. The lowest level at which the response could be immediately repeated was judged as the reflex threshold.
The loudness growth portion of the study was completed in sound treated control rooms that met ANSI (1971) standards. Each subject sat at a 45-degree angle and approximately 1.5 feet to the left of the diagnostic audiometer. The first author sat at a 45-degree angle and approximately 1.5 feet to the right of the diagnostic audiometer. The dB HL numbers around the Channel 1 and Channel 2 attenuators (or over the readout windows) were covered by flaps of posterboard paper that were taped to the audiometer. This prevented the subjects from seeing the dB levels, but it allowed the author to read these dB levels during the loudness judgments.
One earphone was connected directly to the output of the audiometer. A 400-500 msec pulsed 1,000-Hz tone from Channel 2 at 30 dB HL was used as the initial reference signal. A second 400-500 msec pulsed 1,000-Hz tone from Channel 1 at 20 dB HL was used as the subject's initial comparison tone. This was presented to the same earphone immediately after cessation of the reference tone.
Using a fractionation/method of adjustment procedure, each subject adjusted the Channel 1 attenuator until the comparison tone was twice as loud as the reference tone. The subject's "twice as loud" dB level in Channel 1 served as the next reference level in Channel 2, and the new comparison tone in Channel 1 was set 10 dB below the new reference. This procedure was repeated until judgments to at least 80 dB HL were reached. This procedure was then followed for the opposite ear. Each subject practiced the loudness growth procedure in one ear until intrasubject variability was minimal (within ±2 dB at each step). The mean training time for the hyperacusic subjects was 37 minutes, and the mean training time for the control subjects was 52 minutes. Each subject was given a 10-to 20-minute rest between the practice and test runs. The order of ear presentations followed a prearranged counterbalanced scheme. The mean test-run time for the two ears was 23 minutes for the hyperacusic group and 38 minutes for the control group.
Statistical Treatment
It is understood that right-ear/left-ear results are not truly independent within an individual. Nevertheless, if hyperacusis has a peripheral origin in any group or subgroup of subjects, it is very likely that a difference between ears would be noted. For this reason, a decision was made to analyze the data by ear across groups and across subgroups.
The pure-tone threshold data for the two main groups were analyzed with a three-way ANOVA (groups by ears by frequencies). The pure-tone data for the four hyperacusic subgroups were analyzed with a one-way ANOVA for each ear. The acoustic reflex threshold data for the two main groups and for the four subgroups were analyzed with two-way ANOVAs (groups by ear and subgroups by ear). Following this, a Duncan Multiple Range Test was completed to evaluate the reflex threshold differences across subgroups. For all of these analyses, the pre-established levels of significance were set at 0.01 to reduce the possibility of making Type I errors in light of possible heterogeneity of variance between the groups/ subgroups.
Linear regression analysis was used to evaluate the loudness growth for the control vs. hyperacusic groups, first for the right ear and then for the left ear. The right ear/ left ear differences for each group were then evaluated with linear regression tests for parallelism as outlined by Kleinbaum, Kupper, and Muller (1988) . Following this, linear regression analysis was used to evaluate the loudness growth across the hyperacusis subgroups, first for the right ear and then for the left ear. The right ear/left ear differences for each subgroup were evaluated with the linear regression tests for parallelism.
Results
Differences Between Hyperacusics and Controls
The hyperacusic subjects' and the control subjects' pure-tone thresholds were within normal limits (≤25 dB HL with regard to ANSI, 1969) across the test frequencies, bilaterally. No abnormally low thresholds were observed for any subject. On the three-way ANOVA (groups by ear by frequency), no significant differences were noted between the hyperacusic and control groups or between ears. As expected, there was a significant difference across frequencies (F = 20.8; df = 5,180; p < 0.01) because subjects generally had better hearing thresholds at 500 and 1,000 Hz than they did at 8,000 Hz. Still, no thresholds at 8,000 Hz were poorer than 25 dB HL. The interactions were not significant.
The mean contralateral acoustic reflex threshold at 1,000 Hz for the hyperacusic group was 78.4 dB HL for the right ear (SD = 11.29 dB) and 77.8 dB HL for the left ear (SD = 11.67 dB). For the control group it was 86.2 dB HL for the right ear (SD = 7.11 dB) and 85.8 dB HL for left ear (SD = 7.38 dB). A two-way ANOVA (groups by ears) revealed no significant difference between the two main groups and no significant difference between ears.
Linear regression analysis of loudness growth for the right ears of the hyperacusic subjects revealed a slope of 6.53 (intercept = 34.04) vs. a slope of 9.70 (intercept = 33.45) for the right ears of the control subjects. Similarly, analysis of the left ears of the hyperacusic subjects revealed a slope of 6.60 (intercept = 33.85) vs. a slope of 10.13 (intercept = 32.83) for the left ears of the control subjects. The subsequent tests for parallelism revealed that the slopes for the hyperacusic group were significantly different from the slopes for the control group at the 0.01 level of confidence, bilaterally.
For the hyperacusis subjects, the right ear regression slope was compared to the left ear regression slope, using the linear regression test for parallelism. The difference between ears was not significant. For the control subjects, similar nonsignificant results were obtained between the two ears.
Since there were no significant differences in slope between ears for either group, the right ear/left ear data for each group were combined for illustrative purposes ( Figure  1 ). As shown in the figure, the mean loudness judgments for the hyperacusic group and the control group were approximately 4 dB different at the initial loudness doubling, this difference increased to 20 dB or so by the sixth loudness doubling. Figure 1 also illustrates that the standard deviation for the hyperacusic group was approximately one-half as wide as for the control group at each loudness doubling point.
Differences Among Subgroups
Inspection of the pure-tone threshold data suggested no differences among the four hyperacusic subgroups. The mean pure-tone threshold data were evaluated over the four hyperacusic subgroups with a one-way ANOVA for the right ear and another for the left ear. In each case, there was no difference among subgroups at the 0.01 level of significance.
Despite the fact that there was no significant difference in the acoustic reflex thresholds between the two main groups, inspection of the contralateral acoustic reflex threshold data suggested that the endocrine subgroup had substantially lower thresholds for both ears relative to the other subgroups. This is illustrated in Figure 2 , which combines the data for the two ears and also includes the results for the control group. The contralateral acoustic reflex data were evaluated over the four subgroups with a two-way ANOVA (subgroups by ears). There was a difference among subgroups beyond the 0.01 level of significance (F = 12.50; df = 3, 21) but no significant difference was noted between ears . There was no significant interaction. The Duncan Multiple Range Test revealed that the endocrine subgroup was the only subgroup different from the others, for both the right and left ears, at the 0.01 level of significance.
Regarding loudness growth, linear regression analysis revealed similar slopes and intercepts across subgroups (anxiety = 6.7/35.4; endocrine = 6.7/31.7; noise = 7.0/32.6; unknown = 6.8/33.4) . Multiple linear regression tests of parallelism revealed that none of the subgroups was significantly different from the others at the 0.01 level of confidence.
Discussion
Threshold hyperacusis, suprathreshold hyperacusis, and a combination of the two have been reported in the literature. The 25 hyperacusic subjects in this study growth findings. This suggests that, for the suprathreshold hyperacusis subjects used in this study, the origin of the hyperacusis may be more central (systemic) than peripheral (endorgan). Relative to hyperacusic patients in general, however, this issue is far from being resolved.
Speculation will continue as to whether neurochemical (CNS) action, neuromechanical (middle ear/cochlear) action, or emotional (hysterical) reaction is the cause of hyperacusis. Whatever the cause or causes, it is hoped that future research will shed more light on this most interesting auditory disorder. In the meantime, audiologists are urged to evaluate possible hyperacusis clients. If marked intolerance to environmental sound is reported, if abnormal loudness growth functions are obtained, and if low acoustic reflex thresholds are recorded, a medical referral is suggested in order to rule out what could be a serious endocrine/metabolic disorder.
reported oversensitivity to environmental sound to the extent that it altered lifestyle. They had normal hearing sensitivity in each ear, but they did not have significantly different pure-tone thresholds across test frequencies compared to the control group. Therefore, the 25 subjects fall into the suprathreshold hyperacusis category, as defined previously.
The present pure-tone threshold findings for subjects with suprathreshold hyperacusis support observations in similar subjects by Jepsen (1963) , Gordon (1986) , and Vernon (1987) . They do not support the findings of Henkin et al. (1967) and Henkin & Daly (1968) , who observed significantly lower pure-tone pretreatment thresholds compared to post-treatment thresholds in their endocrine subjects.
When only the mean acoustic reflexes for the two main groups are considered, it appears that the entire group of suprathreshold hyperacusic subjects did not have significantly lower contralateral acoustic reflex thresholds than the control group of subjects. Inspection of the data, results of the ANOVA, and results of the Duncan Multiple Range Test suggest that the endocrine subgroup of hyperacusic subjects had significantly lower acoustic reflex thresholds than the other subgroups of hyperacusics. This most interesting indication may point to possible endocrine/ metabolic involvement in some cases of hyperacusis.
Loudness judgments by the control subjects were consistent with normal loudness growth at 1,000 Hz (in quiet) as determined by several investigators who used a variety of psychophysical methods (Hellman, 1976; Hellman & Zwislocki, 1961; Rowley & Studebaker, 1969; Stevens, 1961) . The smaller standard deviations for the hyperacusics compared to the controls is consistent with the fact that the hyperacusic group was easier to train than the control group (more definitive responses and less time for training). This reduced variability in hyperacusics compared to controls is in agreement with Gerken et al. (1985) .
The present loudness growth patterns for hyperacusic subjects support observations by Jepsen (1963) , Henkin et al. (1967) , Henkin & Daly (1968), and Vernon (1987) . When the slopes of the four hyperacusic subgroups are compared, no differences are noted. It appears that abnormally steep loudness growth functions may be characteristic of suprathreshold hyperacusis, regardless of the underlying condition.
In this study, the endocrine subgroup, with probable neurochemical etiology, stands out as the most distinctive subgroup (normal hearing thresholds; abnormally low acoustic reflex thresholds; steeper than normal loudness growth functions). The anxiety subgroup with probable emotional and/or neurochemical etiologies, the noise subgroup with probable neuromechanical etiologies, and the unknown subgroup all performed in similar fashion (normal hearing thresholds; essentially normal acoustic reflex thresholds; steeper than normal loudness growth functions).
No significant differences were noted between ears for the hyperacusic subjects or for the control subjects. This was true for the pure-tone, acoustic reflex, and loudness
